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(54) AII(enyl-containlng isobutylene group block copolymer and process for producing it 

(57) The present invention has its object to provide 
an isobutylene group block copolymer containing a 
highly reactive alkenyl group with a high rate of introduc- 
tion of an alkenyl, and process for producing the same. 

An alkenyl-group-containing isobutylene group 
block copolymer comprising a polymer block derived 
from (a) a monomer component containing isobutylene 
group as a predominant monomer and (b) a monomer 
component not containing isobutylene group as a pre- 
dominant monomer, in which said block copolymer has 
an alkenyl group of the following general formula (1 ). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an alkenyl- s 
group-containing isobutylene group block copolymer 
and a reactive-silicon-group-containing isobutylene 
group block copolymer. More particularly, the Invention 
relates to a novel process for producing an altenyl- 
group-containing isobutylene group block copolymer io 
and a reactive-silicon-group-containing isobutylene 
group block copolymer. 

PRIOR ART 

IS 

[0002] The isobutylene group block copolymer, though 
not crosslinked, is comparable to closslinked rubber in 
strength and elasticity, having high impact resistance 
and flexibility, and as easy to mold as a thermoplaslic 
resin. Therefore, attempts have been made to exploit it so 
as an elastomer rnaterial or an impact resistance 
improving agent for a thermoplastic resin. 
[0003] Japanese Kbkoku koho Hei-7-1 00763. for 
instance, discloses a composition comprising an iso- 
butylene group block copolymer and a thermoplaslic ss 
resin. In a composition of this type, however, the com- 
patibility of the thermoplastic resin with the isobutylene 
group block copolymer is not sufficiently high depending 
on the type of the resin, and therefore, the composition 
cannot exhibit sufficiently useful physical properties so 
such as impact resistance and mechanical strength. 
[0004] As a process for avoiding the above disadvan- 
tage, there is known a process which comprises intro- 
ducing a functional group into an isobutylene group 
block copolymer. Japanese Kokai Publication Hei-6- 3$ 
271751, for instance, discloses a composition compris- 
ing a hydroxy-terminated isobutylene group block copol- 
ymer and a polyester resin. Japanese Kbkai Publication 
Hei-S-271 751 further discloses, as an intermediate of 
said hydroxy-terminated isobutylene group btock copol- 4o 
ymer, an alkenyl-terminated isobutylene group block 
copolymer available upon dehydrochlorination of a chlo- 
rine-terminated block copolymer synthesized in the sys- 
tem comprising 1 ,4-di-(2-methoxy-2-propyl)benzene 
and titanium tetrachloride as an initiator. « 
[0005] However, because those technologies have the 
disadvantage that they need stringent reaction condi- 
tions and that enhancing the reaction rate is difficult, the 
rate of introduction of the alkenyl group is not sufficiently 
high. Furthermore, because the alkenyl group that can so 
be introduced is limited to groups of the isopropenyl 
type, the alkenyl function introduced Is not sufficiently 
reactive and cannot be easily converted to other func- 
tional groups. 

55 

SUMMARY OF THE INVENTION 

[0006] The present invention has for its object to pro- 



vide an isobutylene group block copolymer which can 
be easily synthesized with a high alkenyl introduction 
rate and insuring a high reactivity of the alkenyl group 
so introduced and a reactive-silicon-group-containing 
isobutylene group block copolymer, and an expedient 
process for producing these copolymers. 
[0007] The preserrt invention, therefore, relates to an 
alkenyl-group-containing isobutylene group bfock copol- 
ymer comprising a polymer block derived from (a) a 
monomer component containing isobutylene group as a 
predominant monomer and a polymer block derived 
from (b) a monomer component not containing isobuty- 
lene group as a predominant monomer, said copolymer 
containing an alkenyl group of general formula (1 ): 



R' 




wherein a plurality of R'' may be the same or different 
are) each represents hydrogen, halogen, or a substi- 
tuted or unsubstituted monovalent organic group. 
[0008] The present invention relates to a process for 
producing an alkenyl-group-containing IsotHJtylene 
group block copolymer which comprises adding an alke- 
nyl-group-containing silicon compound in the course of 
the polymerization of (a) a monomer component con- 
taining isobutylene group as a predominant monomer 
with (b) a monomer component not containing isobuty- 
lene group as a predominant monomer in the presence 
of a polymerization initiator of the following general for- 
mula (2); 

r2 

fx-C— \-r3 (2) 

wherein a plurality of R^ may be the same or different 
and each represents hydrogen or a monovalent hydro- 
carbon group containing 1 to 6 cartron atoms; R^ repre- 
sents a mono- or poiy-valent aromatic hydrocarbon 
group or a nwno- or poly^ralent aliDhatic fydrocatbon 
groip: X represents halogen or an alkoxy or acyloxy 
group containing 1 to 6 carbon atoms; and n represents 
an integer of 1 to 6, with providing that n is equal to two 
or more, the plurality of X may be the same or different. 
[0009] Further, the present invention relates to a reac- 
tive-silicon-gFOup-contalning isobutylene group block 
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copolymer comprising a polymer block derived from (a) 
a monomer component containing isobutylene group as 
a predominant monomer and a polymer block derived 
from (b) a monomer component not containing Isobuty- 
lene group as a predominant monomer, said copolymer 
containing a reactive silicon group of general formula 
(4): 



group-containing isobutylene group block copolymer 
comprising a polymer blockderived from (a) a monomer 
component containing isobutylene group as a predomi- 
nant monomer and a polymer block derived from (b) a 
monomer component not containing isobutylene group 
as a predominant monomer, said alkenyl-group-con- 
taining isobutylene group block copolymer containing 
an alkenyl group of general tormula (1 }. 



(4) 




(1) 



wherein a plurality of may be tfie same or different 
and each represents hydrogen, halogen, or a substi- 
tuted or unsubstituted monovalent organic group; 
represents a monovalent organic group of 1 to 5 carbon 
atoms, and when two of Fl^ are contained, these may be 
the same or different; Y represents a halogen atom or 
alkoxy group, and providing that more than two of Y are 
contained, these may be the same or different; and a 
represents an Integer of 0 to 2. 
[001 0] Furthermore, the present Invention relates to a 
process for producing a reactlve-sllicon-group-contain- 
Ing Isobutylene group block copolymer which comprises 
subjecting the conpound represented by the following 
general formula (5) to hydrosilylation reaction with an 
alkenyl group of an alkenyl-group-corrtaining isobuty- 
lene group block copolymer comprising a polymer block 
derived from (a) a monomer component containing iso- 
butylene group as a predominant monomer and a poly- 
mer block derived from (b) a monomer component not 
containing isobutylene group as a predominant mono- 
mer. 



Si. 



(5) 



wherein R^' represents a monovalent organic group of 1 
to 5 carbon atoms, and when two of R^ are contained, 
these may be the same or different; Y represents a hal- 
ogen atom or alkoxy group, with providing that more 
than two of Y are contained, these may be the same or 
different; and a represents an integer of 0 to 2. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 1 ] The present invention is directed to an alkenyl- 



[001 2] The alkenyl group of the above general formulS 
(1) may be located either in the polymer block derived 
from (a) a monomer component containing isobutylene 
group as a predominant monomer or in the polymer 

25 . block derived from (b) a monomer component not con- 
taining isobutylene group as a predominant monomer , 
although it is preferably located in the polymer block 
derived from (b) a monomer component not containing 
isobutylene group as a predominant monomer . 

30 [001 3] The polymer block derived from (a) a monomer 
component containing isobutylene group as a predomi- 
nant monomer may or may not contain any monomer 
component other than isobutylene group as a comono- 
mer component unit. The monomer other than isobuty- 

3S lene group which can be used is not particularly 
restricted provided that it is a monomer capable of cati- 
onic polymerization, but includes aliphatic olefins, aro- 
matic vinyl compounds, dienes, vinyl ethers, silanes, 
vinylcattjazole, p -pinene, and acenaphthylene, among 

40 other monomers. Those monomers may be used each 
alone or in combination. 

[001 4] The aliphatic oief inic monomers which can be 
used are not particularly restricted but include propyl- 
ene. 1-butene, 2-mettiyl-1-bu1ene, 3-methyl-1 -butene, 
45 pentene. hexene. cyclohexene. 4-methyl-1 -pentene. 
vinylcyclohexene, octene, and norbornene. among oth- 
ers. Those monomer components can be used each 
alone or in combination. 

[001 5] The aromatic vinyl monomers which can be 
50 used are not particularly restricted but include styrene, 
0-, m-, or p-methylstyrene, a-methylstyrene. p-methyl- 
styrene, 2.6-dimethyistyrene, 2.4-dimethylstyrene, a- 
methyl-o-methylstyrene. a-methyl-m-methylstyrene. a- 
methyl-p-methylstyrene. p-methyl-o-methylstyrene, p- 
55 methyl-m-methylstyrene, p-methyl-p-methylstyrene. 
2,4,6-trimethylstyrene. a-methyl-2.6-dimethylstyrene. 
a-methyl-2,4-dimethylstyrene, p-methyl-2,6-dimethyl- 
styrene, p-methyl-2,4-d|methylstyrene, o-, m-, orp-chlo- 
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rostyrene, 2,6-dichlorostyrene, 2,4-dichlorostyrene, a- 
chloro-o-chlorostyrene, a-chloro-m-chlorostyrene, a- 
chloro-p-chlorostyrene, |}-chloro-o-chlorostyrene, p- 
chioro-m-chlorostyrene, p-chloro-p-chlorostyrene, 
2,4,6-trichtarostyrene, a-chloro-2,6-clichlorostyrene. a- 
chloro-2,4-dichl«6styrene, p-chloro-2,6-dichlorosty- 
erne, p-chloro-2,4-dichlorostyrene. o-. m-. or p-t-butyl- 
styrene, o, m-. or p-methoxystyrene. o-, m-, or p- 
chloromethylstyrene, o-, m-, or p-bromomethylstyrene. 
silyl-substituted styrene derivatives, vinylnaphthalene 
derivatives, and indene derivatives, among others. 
TInose monomers can be used each alone or in combi- 
nation. 

[0016] The diene monomers which can be used are 
not particularly restricted, either, but include butadiene, 
isoprene, cyclopentadiene, cyclohexadiene, dicy- 
ciopentadiene, divinylbenzene, and ethylidenenor- 
bornene. among others. Those denes can be used 
each independently or in combination. 
[001 7] The vinyl ether monomers which can be used 
are not particularly restricted but include methyl vinyl 
ether, ethyl vinyl ether, (n- or iso)propyl vinyl ether, (n-, 
sec-, tert-, or isojbutyl vinyl ether, methyl propenyl ether, 
and ethyl propenyl ether, among others. Those vinyl 
ethers can be used each independently or in combina- 
tion, 

[0018] The silane compounds which can be 
used are not particularly restricted but include 
vinyltrichlorosilane, vinylmethyldichlorosllane. vinyld- 
imelhylchlorosilane. vinyldimethylmethoxysilane, 
vinyltrimethylsilane, divinyldchlorosilane, divinyW- 
imethoxysilane, divinyldlmethylsilane, 1,3-divinyl- 
1,1,3,3-tetramethyldisiloxane, trivinylmethytsilane, y - 
methacryloyloxypropyltrimethoxysilane. and y - 
methacryloyloKypropylmethyldimethoxysilane, among 
others. Those silane compounds can be used each 
independently or in combination. 
[001 9] The polymer block derived from (a) a monomer 
component containing isobutylene group as a predomi- 
nant monomer is a polymer block containing 60 weight 
% or more, preferably 80 weight % or more, of isobuty- 
lene group as a monomer unit. 
[0020] The polymer block derived from (b) a monomer 
component not containing isobutylene group as a pre- 
dominant monomer is a polymer block having an iso- 
butylene group content of not more than 30 weight %, 
preferably not more than 1 0 weight %, and more prefer- 
ably not more than 3 weight % and containing a mono- 
mer other than isobutylene group. The monomer 
component other than isobutylene group which can be 
used is not particularly restricted provided that it is a 
monomer capable of calionic polymerization and the 
species mentioned hereinbefore can be used. 
[0021 ] The polymer block derived from (b) a monomer 
component not containing isobutylene group as a pre- 
dominant monomer is preferably a block comprising an 
aromatic vinyl monomer, among said monomer species 
other than isobutylene group, as a major constituent 



monomer unit. In this case, the aromatic vinyl monomer 
content of said monomer component is not less than 60 
weight %, preferably not less than 80 weight %. The 
preferred aromatic vinyl monomer is styrene, a-methyl- 
s styrene, p-methylstyrene. or indene. Those monomer 
components can be used each independently or in com- 
bination. 

[0022] The structure of said isobutylene group block 
copolymer is not particularly restricted but includes a 

10 diblock copolymer consisting of a polymer block derived 
from (b) a monomer component not containing isobuty- 
lene group as a predominant monomer - a polymer 
block derived from (a) a monomer component contain- 
ing isobutylene group as a predominant monomer a tri- 

15 block copolymer consisting of a polymer block derived 
from (b) a monomer component not containing isobuty- 
lene group as a predominant monomer - a polymer 
block derived from (a) a monomer component contain- 
ing isobutylene group as a predominant monomer - a 

20 polymer block derived from (b) a monomer component 
not containing isobutylene group as a predominant 
monomer, a triblock copolymer consisting of a polymer 
block derived from (a) a monomer component contain- 
ing isotxitylene group as a predominant monomer - a 

25 polymer block derived from (b) a monomer component 
not containing isobutylene group as a predominant 
monomer - a polymer block derived from (a) a monomer 
component containing isobutylene group as a predomi- 
nant monomer and a star block copolymer comprising 

30 three or more arms each consisting of a polymer block 
derived from (a) a monomer component containing iso- 
butylene group as a predominant monomer and a poly- 
mer block derived from (b) a monomer component not 
containing isobutylene group as a predominant mono- 

3S mer as attached to a polyfunctional compound core. 
Among such block structures, a triblock copolymer 
structure consisting of a polymer block derived from (b) 
a monomer component, not containing isobutylene 
group as a predominant monomer - a polymer block 

40 derived from (a) a monomer component containing iso- 
butylene group as a predominant monomer - a polymer 
block derived from (b) a monomer component not con- 
taining isobutylene group as a predominant monomer is 
preferred from the standpoint of the balance of physical 

45 properties. The more prefen-ed is a triblock copolymer 
consisting of a polymer block derived from a monomer 
component containing as a predominant monomer an 
aromatic vinyl monomer component - a polymer block 
derived from (a) a monomer component containing iso- 

50 butylene group as a predominant monomer - a polymer 
block derived from a monomer component containing 
as a predominant monomer an aromatic vinyl monomer. 
[0023] The ratio of said polymer block derived from (a) 
a monomer componerrt containing isobutylene group as 
55 a predominant monomer to said polymer block derived 
from (b) a monomer component not containing isobuty- 
lene group as a predominant monomer which can be 
used is not particularly restricted but can be selected 
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according to the desired copolymer characteristics. It is 
preferable that the ratio of said polymer block derived 
from (a) a monomer component containing isobutylene 
group as a predominant monomer to said polymer btock 
derived from (b) a monomer component not containing 
isobutylene group as a predominant monomer is 
selected in such a manner that isobutylene group 
accounts for 95 to 20 weight % and said aromatic vinyl 
monomer accounts for 5 to 80 weight %, respectively, of 
the product isobutylene group block copolymer. More 
preferably, isobutylene group accounts for 85 to 60 
weight % and said aromatic vinyl monomer component 
accounts for 15 to 40 weight %. When isobutylene 
group alone is used for (a) a monomer component con- 
taining isobutylene group as a predominant nxjnomer 
and said aromatic vinyl nronomer component alone is 
used for (b) a monomer component not containing iso- 
butylene group as a predominant monomer, the propor- 
tion of said polymer block derived from (a) a monomer 
component containing isobutylene group as a predomi- 
nant monortier can be selected from within the range of 
95 to 20 weight % and the proportion of said polymer 
block derived from (b) a monomer component not con- 
taining isobutylene group as a predominant monomer 
can be selected within the complementary range of 5 to 
80 weight %. When the proportion of said aromatic vinyl 
monomer exceeds 80 weight %, the isobutylene group 
block copolynier becomes too hard. When the propor- 
tion of said aromatic vinyl polymer is smaller than 5 
weight %, the product isobutylene group block copoly- 
mer becomes too soft, with the result that it cannot suf- 
ficiently exhibit the performance characteristics required 
of an elastomer material. 

[0024] In the alkenyl-group-containing isobutylene 
group block copolymer of the present invention, it is pre- 
ferred that said polymer block derived from (b) a mono- 
mer componerrt not containing isobutylene group as a 
predominant monomer contains the alkenyl group of the 
following general formula (1 ); 




wherein the plurality of in the alkenyl group of 
general formula (1 ] may be the same or different and 
each represents hydrogen, halogen, or a substituted or 
unsutjstituted monovalent organic group. The halogen 
mentioned above is not particularly restricted but may 
for example be chlorine, fluorine, bromine, or iodine. 
The substituted or unsubstituted monovalent organic 
group which can be used is not particularly restricted, 



either, but may for example be a monovalent hydrocar- 
bon group, an alkoxy group, a phenoxy group, a car- 
boxyl group, or an ester residue. 
[0025] The hydrocarbon group mentioned above 

5 includes straight-chain or branched alkyi and alkenyl 
groups each containing 1 to 20 carbon atoms, prefera- 
bly 1 to 10 carbon atoms, and more preferably 1 to 6 
cartxjn atoms ; a cycloall^ group containing 3 to 10 
cartxjn atoms ; a phenyl group ; an alkylaryl group con- 

10 taining 7 to 20 carbon atoms, preferably 7 to 14 caition 
atoms, and more preferably 7 to 10 cait)on atoms. The 
alkoxy group contains 1 to 20 catbon atoms, preferably 
1 to 1 0 carbon atoms, and more preferably 1 to 6 carbon 
atoms. Unless the advantageous features of the present 

15 invention are compromised, at least some of the hydro- 
gen atoms in the hydrocarbon group may be substituted 
by suitable substituent groups. 
[0026] The preferred species of said alkenyl group is 
allyl. The alkenyl-group-containing isobutylene group 

20 block copolymer may have said alkenyl group in any 
desired position of the molecular chain, but from the 
reactivity standpoint the alkenyl group is preferably 
located in at least one terminal position of the molecular 
chain. 

25 [0027] The second aspect of the present invention is 
concerned with a process for producing an alkenyl- 
group-containing isobutylene group block copolymer 
which comprises adding an alkenyl-group-containing 
silicon compound in the course of the polymerization of 

30 (a) a monomer component containing isobutylene 
group as a predominant monomer and (b) a monomer 
component not containing isobutylene group as a pre- 
dominant monomer in the presence of a polymerization 
initiator of the following general formula (2). 



40 




45 

[0028] The polymerization initiator of general formula 
■ (2) is considered to provide the site for initiation of catl- 
onic polymerization. The above plurality of may be 
the same or different and each represents hydrogen or 

50 a nxxiovalent hydrocarbon group containing 1 to 6 car- 
bon atoms. The monovalent hydrocarbon group of 1 to 
6 carbon atoms is not particularly restricted but may for 
example be methyl, ethyl, n-propyl, or isopropyl. R^ rep- 
resents a mono- or poly-valent aromatic hydrocarlwn 

55 group or a mono- or poly-valent aliphatic hydrocarbon 
group. In the above formula, X represents halogen or an 
altawy or acyloxy group of 1 to 6 carbon atoms. The hal- 
ogen mentioned above is not particularly restricted but 
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may for example be chlorine, fluorine, bromine, or 
iodine. The alkoxy group of 1 to 6 carbon atoms is not 
particularly restricted but may for example be methoxy, 
ethoxy, n-propoxy or Isopropoxy group. The acyloxy 
group of 1 to 6 carbon atoms is not particularly 5 
restricted but may for example be acetyloxy or propiony- 
loxy. Tlie symbol n represents an integer of 1 to 6. When 
n represents two or more, the plurality of X may be the 
same or different. 

[0029] The above polymerization initiator which can to 
be used specifically includes but is not limited to 1- 
chloro-1 -m6thylethylben2ene[C5H5C(CH3)2CI], 1 A- 
bis( 1 -chioro- 1 -methylethyl)benzene[1 ,4- 
CI(CH3)2CC6H4C(CH3)2CI], 1 .3-bis(1 -chloro-l -methyl- 
ethyl)benzene[1,3-C1(CH3)2CC6H4C(CH3)2CQ. 1.3,5- is 
tris(1 -chloro-1 -methylethyl)benzene[1 ,3,5- 
(CIC(CH3)2)3C6H3], and 1,3-bis(1 -chloro-1 -methyle- 
thyl)-5-(tert-butyl)benzene[1.3-(C(CH3)2a)2-5- 
(C(CH3)3)C6H3]. Here. bisCI -chloro-1 -mefhylelhyl)ben- 
zene Is also known as bis(a-chloroisopropyl)benzene. 20 
bis(2-ohioro-2-propyl)benzene, or dicumyl chloride. 
Among those initiators, i,4-bis(l-chloro-1-methyle- 
thyl)benzene is particularly preferred from the stand- 
point of reactivity and availability. 

[0030] The above-mentioned (a) monomer compo- 25 
nent containing isobutylene group as a predominant 
monomer may or may not contain monomer component 
species other than isofcujiylene group. Such monomer 
species other than isobutylene group are not particu- 
larly restricted provided that they are capable of cationic so 
polymerization and, as such, the specific monomers 
mentioned hereinbefore can be employed. 
[0031] The above-mentioned (a) monomer compo- 
nent containing isobutylene group as a predominant 
monomer Is a monomer component containing at least as 
60 weight %, preferably at least 80 weight %, of isobuty- 
lene group. 

[0032] The (b) monomer component not containing . 
isobutylene group as a predominant monomer is a mon- 
omer componerrt containing 30 weight % or less, pr^er- 40 
ably 1 0 weight % or less, more preferably 3 weight % or 
less, of isobuiylene group. The monomer other than iso- 
butylene group which can be used is not particularly 
restricted provided that it is cationically polymerizable 
and, as such, the specific monomers mentioned herein- 45 
before can be employed. 

[0033] The (b) monomer component not containing 
isobutylene group as a predominant monomer is prefer- 
ably such that it is containing as a predominant mono- 
mer an aromatic vinyl monomer. In this case, the so 
proportion of the aromatic vinyl monomer in the above 
monomer component is at least 60 weight %, preferably 
at least 80 weight %. The preferred species of said aro- 
matic vinyl monomer is styrene, a-methylstyrene, p- 
methylstyrene, or indene. TTiose monomer components 55 
can be used each alone or in a combination of two or 
more species. 

[0034] Tfie alkenyl-group-containing silicon com- 



pound mentioned above is a silicon compound which 
contains one or more alkenyl groups and is capable of 
reacting with the active site of cationic polymerization. It 
is used for the purpose of introducing the alkenyl group 
into the copolymer. 

[0035] The above alkenyl-group-containing silicon 
compound is preferably one represented by the follow- 
ing general formula (3). 



r5 




[0036] Referring to the alkenyl-group-containing sili- 
con compound represented by general formula (3), the 
pluralities of R" and R^ may respectively be the same or 
different and each represents hydrogen, halogen, or a 
substituted or unsubstituted monovalent organic group. 
The halogen mentioned above is not particularly 
restricted but may for example be chlorine, fluorine, bro- 
mine, or iodine. The substituted or unsubstituted mono- 
valent organic group which can be used is not 
particularly restricted but may for example be a mono- 
valent hydrocarbon group, an alkoxy group, a phenoxy 
group, a carboxyl group, or an ester residue. 
[0037] The hydrocarbon group mentioned above 
includes straight-chain or branched alkyi and alkenyl 
groups each containing 1 to 20 carbon atoms, prefera- 
bly 1 to 10 carbon atoms, and more preferably 1 to 6 
carbon atoms ; a cycloalkyi group containing 3 to 10 
carbon atoms ; a phenyl group ; an alkylaryl group con- 
taining 7 to 20 carbon atoms, preferably 7 to 14 carbon 
atoms, and more preferably 7 to 10 carbon atoms. The 
alkoxy group contains 1 to 20 carbon atoms, preferably 
1 to 10 carbon atom, and more preferatrfy 1 to 6 cartron 
atoms. Unless the advantage of the present invention is 
compromised, at least some of the hydrogen atoms in 
the hydrocarbon group may be substituted by suitable 
substituent groups. 

[0038] The prefen-ed species for R** and R^ includes 
hydrogen, chlorine, methyl, allyl, phenyl, methoxy, and 
ethoxy group. Silicon compounds having those substitu- 
ent groups are readily available and highly reactive. 
Therefore, the alkenyl-group-containing isobutylene 
group block copolymer can be produced easily by using 

[0039] The specific examples of said alkenyl-group- 
containing silicon compound which can be used are 
allyldimethylsilane, allyltrimethylsilane. allyltriethylsi- 
lane, allyltripropylsilane. allyltriisopropylsilane. allyltribu- 
tylsilane, allyltriphenylsilane, allyldimethoxysilane. 
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allyltrimethoxysilane, allyltriethoxysilane, allyldichlorosi- 
lane, allylmethyldichlorosilane, allylphenyldichlorosi- 
lane, allyl{chloropropyl)dichlorosilane, allyllrichloro- 
silane, diallyldimethylsilane, diallyldiethylsilane. diallyld- 
ipropylsilane, diallyldibutylsilane, diallyldiphenylsilane, 
triallylmethylsilane, and tetrallylsilane, among others. 
Those silicon compounds can be used each alone or in 
a suitable combination of two or more species. Among 
those silicon compounds, allyltrimethylsilane. diallyld- 
imethylsilane. triallylmethylsilane. and tetrallylsilane are 
preferred. The most preferred is allyltrimethylsilane. 
[0040] Since, in the second aspect of the invention, 
the alkenyl group to be introduced is derived from said 
silicon compound, a variety of alkenyl groups can be 
introduced by using the silicon compound suited to the 
intended application. For example, when the introduced 
alkenyl group is expected to have high reactivity, a sili- 
con corrpound containing the allyl function, for 
instance, which has high reactivity, can be preferably 
used. 

[0041] The above-mentioned alkenyl-gioup-contain- 
ing silicon compound can be added at any desired 
stage ckjring the step of polymerizing (a) a monomer 
component containing isobutylene group as a predomi- 
nant monomer or the step of polymerizing (b) a mono- 
mer component not containing isobutylene group as a 
predominant monomer, Thus, in the step of polymeriz- 
ing (a) a monomer component containing isobutylene 
group as a predominant monomer, said addition may be 
made before addition of (a) a monomer component con- 
taining isobutylene group as a predominant monomer, 
concurrently with addition of the monomer component 

(a) , after completion of addition of the monomer compo- 
nent (a), or after substantial completion of polymeriza- 
tion of the monomer component (a). In the step of 
polymerizing (b) a monomer component not containing 
isobutylene group as a predominant monomer, said 
addition may be made before addition of (b) a monomer 
component not containing isobutylene group as a pre- 
dominant monomer, concurrently with addition of the 
monomer component (b). after completion. of addition of 
the monomer component (b), or after substantial com- 
pletion of polymerization of the monomer component 

(b) . From the standpoint of physical properties of the 
product block copolymer and the polymerization proce- 
dure, it is preferred to perform said addition at the stage 
when the polymerization of the monomer component 
(a) or the monomer component (b) has substantially 
completed. 

[0042] Where necessary, the above polymerization 
reaction can be conducted in the presence of a Lewis 
acid catalyst. The Lewis acid that can be used as the 
acid catalyst may be any compound that can be used tor 
cationic polymerization, thus preferably including metal 
halides such as T1CI4. TiBr4. BCI3, BF3. BFg- OEtg. 
SnCU. SbClg, SbFg. WCie, -feCIs, VCI5, FeClg. ZnBrg. 
AICI3, AIBr3. etc.; and organometal halides such as 
EtaAICI, EtAICIa, etc. In terms of catalyst activity and 



51157A1 12 

commercial availability. T1CI4. BCI3, or SnCl4 is particu- 
larly preferred. 

[0043] The Lewis acid mentioned atjove is generally 
used in a proportion of 0.1 to 100 molar equivalents, 
5 preferably 0.3 to 50 equivalents, with respect to said 
polymerization initiator. 

[0044] The above polymerization can also be carried 
out in the presence of an electron donor component 
where necessary. The electron donor corrponent can 

10 be selected from among known electron donors pro- 
vided that its donor number is 15 to 60. The preferred 
electron donor component includes but is not limited to 
pyridines, amines, amides, sulfoxides, and metal com- 
pounds containing an oxygen atom directly bound to a 

15 metal atom. 

[0045] Referring to the above electron donor compo- 
nent, compounds having donor numbers within the 
range of 15 to 60 can be used. The donor number is a 
parameter representing the strength of various com- 

20 pounds as electron donors. Thus, 2,6-di-t-butylpyridine, 
2-t-butylpyridine. 2,4,6-trimethylpyridine, 2.6-dimethyl- 
pyridine. 2-methylpyridine. pyridine, diethylamine. tri- 
methylamine. trietfiylamine, tributyiamine. N,N- 
dimethylaniline. N.N-dimethylformamide, N,N-dimethyl- 

S5 acetamide, N.N-diethylacetamide, dimethyl sulfoxide, 
diethyl ether, methyl acetate, ethyl acetate, trimethyl 
phosphate; hexamethylphosphoric triamide, titanium 
alkoxides such as titanium(lil) methoxide, titanium(IV) 
methoxide. titanium(IV) isopropoxide, titanium(IV) 

3D butoxide, etc.; and aluminum alkoxides such as alumi- 
num triethoxide, aluminum tributoxide, etc. can be gen- 
erally employed. Preferred are 2,e-di-t-txjtylpyridine. 
2,6-dimetfiylpyridine, 2-methylpyridine. pyridine, diethyl- 
amine, trimethylamine, trielhylamine. N.N-dimethylfor- 

35 mamide, N,N-dimethylacetamide, dimethyl sulfoxide. 
titanium(IV) isopropoxide, and titanium(l\/) butoxide. 
[0046] For information on the donor numbers (DN val- 
ues) of the above and other various substances, refer- 
ence can be made to Gutmann: Donor and Acceptor, 

40 (translated by Ohtaki and Okada. Gakkai Shuppan 
Center, 1983). Among those substances. 2-methylpyrid- 
ine which provides a marked effect of addition and tlta- 
nium(IV) isopropoxide which insures a homogeneous 
reaction system are particularly preferred. 

45 [0047] The electron donor component is used in a pro- 
portion of generally 0.01 to 10 molar equivalents, prefer- 
ably D.2 to 4 molar equivalents, relative to the 
polymerization initiator 

[0048] The above polymerization reaction can be car- 
50 ried out in a solvent where necessary. The solvent may 
be any of the known solvents provided that it does not 
essentially interfere with cationic polymerization. Thus, 
the solvent includes but is not limited to halogenated 
hydrocarbons such as methyl chloride, dlchlorometh- 
55 ane, n-propyl chloride, n-butyl chloride, chlorobenzene. 
etc.; benzene and all^lbenzenes such as toluene, 
xylene, ethylbenzene. propylbenzene, butylbenzene. 
etc.; straight-chain aliphatic hydrocarbons such as 
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ethane, propane, butane, pentane, hexane, heptane, completion of the polymerization of (a) a monomer cmm- 

octane, nonane, decane, etc.; branched-chain aliphatic ponent containing isobutylene group as a predominant 

hydrocarbons such as 2-methylpropane, 2-methylbu- monomer in step (A). 

tane, 2,3,3-trimethylpentane, 2,2,5-trimethylhexane, [0052] The proportions of said respective components 
etc. ; alicydic hydrocarbpns such as cyclohexane, meth- s can be judiciously selected according to the character- 
ylcyclohexane, ethylcyclohexane, etc.; and paraffin oil istics required of the product block copolymer. The pro- 
available on hydrogenation and purification of a petro- portions of said monomer component (a) and said 
leum fraction. Those solvents can be used each alone monomer component (b) are preferably selected in such 
or in a combination of two or more species taking into a manner that isobutylene group accounts for 95 to 20 
consideration of the balance between the polymeriza- w weight % and said aromatic vinyl monomer component 
tion characteristics of the constituent monomers for the accounts for 5 to 80 weight % based on the total amount 
block copolymer and the solubility of the product copol- of monomer units constituting the product block copoly- 
ymer. mer. More preferably, isobutylene group accounts for 85 
[0049] The amount of the solvent is generally selected to 60 weight % and said aromatic vinyl monomer 
in such a manner that the polymer concentration will be js accounts for 15 to 40 weight %. \When isolxitylene 
1 to 50 weight %, preferably 5 to 35 weight %, in consid- group alone is used for said monomer component (a) 
eration of the viscosity of the obtaihed polymer arid the and said aromatic vinyl monomer alone for said mono- 
ease of heat removal. mer component (b), the proportion of the monomer 
[00501 In conducting the above polymerizalion reac- component (a) can be set at 95 to 20 weight % and that 
tion, the above-mentioned component materials are 20 of the monomer component (b) in a complementary 
preferably mixed under cooling, for example at a tem- amount of 5 to 80 weight %. The molecular weight of the 
perature between -1 00°C and 0°C. To strike a balance product block copolymer can be controlled by adjusting 
between energy cost and polymerization stability, the the molar relationship of said monomer component (a), 
temperature range of -80°C through -30°C is particu- said monomer component (b) and polymerization initia- 
larly recommended. 25 tor of general formula (2). Usually, the above-relation- 
[0051 ] In the production of said alkenyl-group-contain- ship Is selected so that the number average molecular 
ing isobutylene group block copolymer, there is no par- weight of the product block copolymer will be about 
ticular limitation on the way and order of addition of said 20000 to 500000. 

Lewis acid, polymerization initiator, electron donor com- [POSS] The third aspect of the present invention is con- 
ponent, and monomer components. A preferred proce- 30 cerned with an alkenyl-group-containing isobutylene 
dure may for example comprise (A) a step of group block copolymer produced by the above produc- 
polymerizing (a) a rmnomer component containing iso- tion process of the second aspect of the invention, 
butylene groip as a predominant monomer in the pres- [0054] The alkenyl-group-containing isobutylene 
ence of said polymerization initiator-Lewis add initiation group block copolymer is not particularly restricted pro- 
system and said electron donor component, (B) a step 35 vided that it contains a polymer block derived from (a) a 
of adding (b) a monomer component not containing iso- monomer component containing isobutylene group as a 
butylene group as a predominant monomer to polymer- predominant monomer and a polymer block derived 
ize, and (C) a step of adding said alkenyl-group- from (b) a monomer conponent not containing isobuty- 
Containing silicon compound for introduction of alkenyl lene group as a predominant monomer. Thus, for exam- 
function at a stage where the polymerization has sub- to pie, linear, branched linear, and star block copolymer 
stantially completed. Referring to the above procedure, stmctures or diWock, triblock, and multiblock copolymer 
addition of said monomer conrponent (b) is generally structures, among others, can be tceely selected, 
carried out when the polymerizalion of said monomer [0055] The alkenyl-group-containing isobutylene 
conponent (a) has substantially completed in step (A). group block copolymer of the present invention can be 
However, when a monomer component less active than 4S used in applications similar to the conventional isobuty- 
isobutylene group for cationic polymerization is used for lene group block copolymers. For example, it can be 
said monomer component (b). the objective block copol- used as an elastomer material, a resin or asphalt modi- 
ymer can still be produced even if said monomer com- fying agent, or a resin compound component, among 
ponent (b) is added prior to substantial completion of others. 

the polymerization of said monomer conponent (a) in so. [0056] The melt viscosity of the alkenyl-group-contain- 

step (A). Moreover, when a comonomer component, ing isobutylene group block copolymer of the invention 

which is substantially equivalent to isobutylene group in can be freely controlled by adding various crosslinking 

cationic polymerization activity and which is concur- agents. Therefore, when the alkenyl-group-containing 

rently cxjpolymerizable, is used for said monomer com- isobutylene group block copolymer of the invention is to 

ponent (b). a block copolymer which has partly 55 be blended with other resin, their compatibility can be 

randomized polymer block can be produced by adding Improved by afigning the melt viscosities of the two com- 

(b) a monomer component not containing isobutylene ponents. 

group as a predominant monomer prior to substantial [0057] Moreover, by reacting the alkenyl-group-con- 



15 



EP0 921 157 A1 



16 



taining isobutylene group block copolymer of the inven- 
tion with a suitable reagent, the alkenyl group can be 
converted to a different functional group. The functional 
group available upon conversion may for example be 
epoxy, carboxy. hydroxy, amino, or cyano group. By 
selecting the proper functional group, the compaHbility 
of the isobutylene group block copolymer with other res- 
ins, reactivity, polarility, and other characteristics can be 
controlled as desired. 

[0058] The forth aspect of the present Invention is 
concerned with a reactive-silicon-group-containing iso- 
butylene group block copolymer comprisirig a polymer 
block derived from (a) a monomer component contain- 
ing isobutylene group as a predominant monomer and a 
polymer block derived from (b) a monomer component 
not containing isobutylene group as a predominant 
monomer, and said copolymer containing a reactive sil- 
icon group of general formula (4); 




wherein a plurality of R® may be the same or different 
and each represents hydrogen atom, halogen atom, or 
a substituted or unsubstituted monovalent organic 
group; represents a monovalent organic groif) of 1 
to 5 carbon atoms, and when two of are contained, 
these may be the same or different; Y represents a hal- 
ogen atom or alkoxy group, and with providing that more 
than two of Y are contained, these may be the same or 
different; and a represents an integer of 0 to 2. The hal- 
ogen atom, a substituted or unsubstituted monovalent 
organic group, and alkoxy group are not restricted txjt 
include, for example, the above mentioned compounds. 
The monovalent organic group of 1 to 5 carbon atoms Is 
not restricted but includes, for example, hydrocarbon 
groups such as methyl, ethyl, n-propyl, isopropyl, or 
butyl. 

[0059] The above reactive-silicon-group-containing 
isobutylene group block copolymer can be advanta- 
geously used for various applications, for example, as 
an elastomer material, a resin or asphalt modifying 
agent, or a resin compound component among others. 
[0060] The fifth aspect of the present invention relates 
to a process for producing a reactive-silicon-grouprccn-. 
taining isobutylene group block copolymer which com- 
prises subjecting the compound represented by the 
general formula (5) to hydrosilylation reaction with an 
alkenyl group of an alkenyl-group-containing isobuty- 
lene group block copolymer comprising a polymer block 
derived from (a) a monomer component containing iso- 



butylene group as a predominant monomer and a poly- 
mer block derived from (b) a monomer component not 
containing isotxjtylene group as a predominant mono- 
mer. 



a (5) 



wherein represents a monovalent organic group of 1 
15 to 5 carbon atoms, and when two of R^ are contained, 
these may be the same or different; Y represents a hal- 
ogen atom or alkoxy group, witn providing that more 
than two of Y are contained, these may t>e the same or 
different; and a represents an integer of 0 to 2. The hal- 
20 ogen atom, substituted or unsubstituted monovalent 
organic group is not particularly restricted but may for 
example be the above mentioned examples. 
[0061 ] Because of the high activity of the alkenyl, said 
alkenyl-group-containing isobutylene group block oppol- 
25 ymer is preferably alkenyl-group-containing isobutylene 
group block copolymer of ttie first aspect of the present 
invention. 

[0062] Moreover, it is preferable to produce said alke- 
nyl-group-containing isobutylene group block copoly- 
30 mer by the process of the second aspect of the present 
invention. 

[0063] As a compound r^resented by the gen- 
eral fomiula (5), for example, trichlorosilane. 
methykiichlorosilane, dimethylchlorosilane, trimethox- 

ss ysilane, dimethoxymethylsllane, dimethylethoxysilane, 
diethoxymethylsilane are mentioned. These com- 
pounds may be used alone, or in combination. 
[0064] In the hydrosilylation reaction, a transition 
metal catalyst is generally used as a catalyst for hydros- 

40 ilylation reaction. The transition metal catalyst which 
can be used is not particularly restricted but includes, 
for example, compounds in which a platinum is dis- 
persed into earner such as alumina, silica. caitx>nblack 
etc.;platinic chloride; complex of platinic chloride with 

45 alcohol, aldehyde, or ketone etc.; platinum-olefin com- 
plex; platinum(0)-divinyltetramethyldisiloxane complex; 
compounds other than platinum compounds such as 
RhCl(PPh3)3. RhQa. RuCls. IrCb. FeCIs, AICI3. PdClg • 
H2O, NiCl2, or TiCU- Th^e may be used alone or in 
■50 combination. 

[0065] In view of the efficiency of the hydrosilylation 
reaction, it is preferable that the hydrosilylation reaction 
is earned out using a platinum complex as a catalyst at 
the temperature of 40 C or higher. - 

55 

EXAMPLES 

[0066] The following examples are intended to illus- 
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trate the present invention in furtfier detail and should 
by no means be construed as defining the scope of the 
invention. 

Example 1 

[0067] The polymerization vessel of a 500 mL separa- 
ble flask, after nitrogen purging, was charged with 120 
mL of n-hexane (dehydrated with molecular sieves). 80 
mL of methylene chloride (dehydrated with molecular io 
sieves) using a syringe, and 0.0876 g (0.38 mmol) of p- 
dicumyl chloride. The polymerization vessel was cooled 
in a dry ice/methanol bath at -70°C and 0.036 g (0.39 
mmol) of 2-methylpyridine was added. Then, a Teflon 
delivery tube was connected to a pressure-resistant is 
glass liquefaction tube equipped with a 3-way cock and 
containing 33.9 mL (419.9 mmol) of isobutytene mono- 
mer component, and isobutylene group monomer com- 
ponent was fed under nitrogen pressure to the 
polymerization vessel. Then, 1.50 mL (13.7 mmol) of 20 
titanium tetrachloride was acfcied for initiation of polym- 
erization. After 1 hour of stirring at the same tempera- 
ture after beginning of polymerization, about 1 mL of the 
polymer slurry was withdrawn for sampling purposes. 
Then, a mixture of 12.15 g (116.7 mmol) of styrene 25 
monomer component, 12 mL of n-hexane, and 8 mL of 
methylene chloride, cooled to -70°C beforehand, was 
added to the polymerization vessel. After 10 minutes 
said addition of the above mixture, 0.134 g (l. 17 mmol) 
of attyltrimethylsllane was added and the mixture was so 
stirred at the prevailing temperature for 60 minutes. The 
reaction was then stopped by adding about 10 mL of 
methanol. From this reaction mixture, the solvent etc. 
were distilled off and the residue was dissolved in tolu- 
ene and washed with 2 portions of water. To the toluene as 
solution was added to a large amount of methanol to 
precipitate the polymer, which was dried in vacuo at 
60°C for 24 hours to provide the objective block copoly- 

[0068] QPC analysis of the product block copolymer 40 
(instrument: Waters Model 510 GPC System, mobile 
phase: chloroform, polyrner concentration: 2 mg/ml, col- 
umn temperature SS'C. standard: polystyrene) revealed 
that whereas the number average molecular weight 
(Win) and molecular weight distribution (Mw/Mn) of iso- 45 
butyl ene group copolymer prior to addition of styrene 
were 70000 and 1 .16. respectively, the number average 
molecular weight (Mn) and molecular weight distribution 
(Mw/Mn) of the block copolymer after polymerization of 
styrene were 1 01000 and 1 .23, respectively. so 
[0069] Tlie integrated intensity ratio of isobutylene 
group and that of allyl on the ''H-NMR spectrum (instru- 
ment: \terian Gemini-300, measuring solvent: CDCH3) 
of the resulting block copolymer suggested that an aver- 
age number of 1 .9 allyl groups had been introduced per 55 
polymer molecule. 



Example 2 

[0070] Except that the amount of p-dicumyl chloride 
was set at 0.35 g (1 .52 mmol) and that of 2-methylpyri- 
dine at 0.072 g (0.78 mmol), the procedure of Example 
1 was otherwise repeated. 

[0071 ] GPC analysis of the resulting block copolymer 
showed that, wtiereas the number average molecular 
weight and molecular weight distribution of isobutylene 
groip polymer before addition of styi-ene were 
Mn=18000 and Mw/Mns1.22, respectively, the corre- 
sponding values of the block copolymer after polymeri- 
zation of styrene were Mn=26000 and Mw/Mn=1.38. 
respectively. 

[0072] . The integrated intensity ratio of isobutylene 
group and that of allyl on the ''H-NMR spectrum of the 
resulting block copolymer suggested that an average of 
1 .7 allyl groups had been introduced per polymer mde- 
cula 

Example 3 

[0073] A 200 mL four-necked flask equipped with a 
condenser was charged with 1 0.0 g of the block copoly- 
mer obtained in Example 2, 50 mL of toluene, 1 .8x10'^ 
mmol of platinum divinyltetramethyldisiloxane complex 
(dissolved in xylene), and 0.85 g (0.8 mmol) of dimeth- 
Qxymethylsilane, and the charge was stirred at 80°C for 
10 hours to undergo hydrosllylation of the block copoly- 
mer. The reaction mixture was then poured in 200 mL of 
methanol to provide a reactive-silicon-group-containing 
isobutylene group block copolymer. 
[0074] TTie integrated intensity ratio of isobutylene 
group and that of methyl of the silicon on the ''H-NMR 
spectrum of the above polymer suggested that an aver- 
age of 1 .3 dimethoxymethylsilyl groups had been intro- 
duced per polymer molecule. 

Comparative Exarrple 1 

[0075] Except that an isopropenyl-terminated block 
copolymer available upon heat treatment of a chlorine- 
terminated styrene-isobutylene group-styrene copoly- 
mer was used in lieu of the block copolymer obtained in 
Example 1, the reaction procedure of Example 3 was 
othenAfise repeated to provide a polymer. 
[0076] The ^ H-NM R spectrum of this polymer showed 
no peak of dimethoxymethylsilyl group. 
[0077] It can be understood from the foregoing exam- 
ples that the rate of alkenyl introduction into the block 
copolymer according to the process for the invention is 
high and that the alkenyl group in the block copolymer of 
the invention is highly reactive and can be easily con- 
verted to dimethoxymethylsilyl group. 

EFFECT OF THE INVENTION 

[0078] Having the consHtulion described hereinabove. 
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the present invention enables synthesis of an isobuty- 
lene group block copolymer containing a highly reactive 
all<enyl group with a high introduction rate of an all<enyl 
group in an expedient manner. Further, the present 
Invention enables synthesis of a reactive-siicon-groif)- 
containing block copolymer in an expedient manner. 

Claims 

1. An alkenykgroup-containing isobutylene group 
block copolymer comprising a polymer block 
derived from (a) a monomer component containing 
isobutyltne group as a predominant monomer and 
(b) a monomer component not containing Isobuty- 
lene group as a predominant monomer and copoly- 
mer containing an alkenyl group of Hie following 
general formula (1); 



(1) 



wherein the plurality of R'' may be the same or dif- 
ferent and each represents hydrogen, halogen, or a 
sut>stituted or unsubstituted monovalent organic 
groufx 

The aikenyi-group-containing isolDutylene group 
block copolymer according to Claim 1 wherein said 
polymer block derived from (b) monomers compo- 
nent not containing isobutylene group as a predom- 
inant monomer conlains said alkenyl group of ' 
general formula (1). 

The alksnyl-group-contalning Isobutylene group 
block copolymer according to Claim 1 or 2 wherein 
said copolymer has at least one terminal alkenyl 

group. 

The alkenyl-group-containing isobutylene group 
block copolymer according to Claim 1, 2, or 3 
wherein the alkenyl group is allyl. 

The alkenyi-group-containing isobutylene group 
block copolymer according to Claim 1 , 2, 3, or 4 
wherein said polymer block derived from (b) a mon- 
omer component not containing isobutylene group 
as a predominant monomer is a polymer block 
derived from a monomer component containing as 
a predominant monomer an aromatic vinyl mono- 
mer. 



The alkenyl-group-containing isobutylene group 
block copolymer according to Claim 5 which is a tri- 
bloci^ copolymer comprising a polymer block 
derived from a monomer component containing as 
a predominant monomer an aromatic vinyl mono- 
rner component - a polymer block derived from (a) 
a monomer component containing isobutylene 
group as a predominant monomer - a polymer block 
derived from a monomer component containing as 
a predominant monomer an aromatic vinyl mono- 
mer component. 

A process for producing an alkenyl-group-contain- 
ing isobutylene group block copolymer according to 
daim 1, in which an alkenyl- group-containing sili- 
con compound is added in the course of the polym- 
erization of (a) a monomer component containing 
isobutylene group as a predominant monomer and 
(b) a monomer component not containing isobuty- 
lene group as a predominant monomer in the pres- 
ence of a polymerization initiator of the following 
general fonrula (2); 



(2) 



wherein the plurality of may be the same or dif- 
ferent and each represents hydrogen or a monova- 
lent hydrocarbon group containing 1 to 6 carbon 
atoms; represents a mono- or poly-valent aro- 
matic hydrocartjon group or a mono- or poly-valent 
aliphatic hydrocarbon group; X represents halogen, 
or an alkoxy or acyloxy group containing 1 to 6 car- 
bon atonfis; and n represents an Integer of 1 to 6, 
with providing that n is equal to 2 or more, the plu- 
rality of X may be the sam 



The process according to Claim 7 wherein the alke^ . 
nyl-group-containing silicon cornpound is added 
when the polymerization of (a) a monomer compo- 
nent containing isobutylene group as a predomi-. 
nam monomer and (b) a monomer component not 
containing isobutylene group as a predominant 
monomer has substantially completed. 

The process according to Claim 7 or 8 wharein the 
alkenyl-group-containing silicon compound is a 
compound of the following general formula (3); 
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wherein a plurality of may be the same or differ- 
ent and each represents hydrogen, halogen, or a 
substituted or uneubstiluted monovalent organic 
group; R'' represents a nmnovalent organic group 
of 1 to 5 carbon atonrs, and when two of are con- 
tained, these may be the same or different; Y repre- 
sents a halogen atom or altoxy group, and when 
more than two of Y are contained, these may be the 
same or different; and a represents an integer of 0 
to 2. 



wherein the pluralities of R* and R^ may respec- 
tively be the same or different and each represents 
hydrogen, halogen, or a substituted or unsubsB- 
tuted monovalent organic group. 

10. The process according to Claim 9 wherein the alke- 
nyl-group-containing silicon compound is allyltri- 
methylsilane. 

11. The process according Id Claim 7, 8, 9, or 10 
wherein the polymerization initiator is. 1,4-bjs(1- 
chloro-1 -methylethyObenzene. 

12. The process according to Claim 7, 8, 9, 10 or 11 
wherein (b) a monomer component not containing 
isobutylene group as a predominant monomer is a 
monomer component containing as a predominant 
monomer an aromatic vinyl monomer component. 

13. The process according to Claim 12 wherein the aro- 
matic vinyl monomer component is at least one 
member selected from the group consisting of sty- 
rene, a-methylstyrene, p-methylstyrene, vinylnaph- 
thalene derivatives, and indene derivatives. 

14. An all<enyl-group-containing isobutylene group 
block copolymer as produced by the process 
according to Claim 7, 8.9, 10. 11, 12 or 13. 

15. A reactive-silicon-group-containing isobutylene 
group block copolymer comprising a polymer block 
derived from (a) a monomer component containing 
isobutylene group as a predominant monomer and 
a polymer block derived from (b) a monomer com- 
ponent not containing isobutylene group as a pre- 
dominant monomer, and said copolymer containing 
a reactive silicon grotp of general formula (4); 




16. A process for producing a reactive-silicon-group- 
containing isobutylene group block copolymer 
according to claim 15 which comprises subjecting 

15 the compound of the following general formula (5) 
to hydrosilylation reaction with an aikenyl group of 
ari alkenyl-group-containing isobutylene group 
block copolymer comprising a polymer block 
derived from (a) a monomer component containing 

so isobutylene group as a predominant rnonomer and 
a polymer block derived from (b) a monomer com- 
ponent not containing isobutylene group as a pre- 
dominant monomer; 



30 




wherein represents a monovalent organic group 
of 1 to 5 carbon atoms, and when two of are con- 
35 tained, these may be the same or different; Y repre- 
sents a halogen atom or alkoxy group, and when 
more than two of Y are contained, these may be tiie 
same or different; and a represents an integer of 0 
to2. 

17. The process according to claim 16 wherein the 
alkenyl-group-containing isobutylene group block 
copolymer is the alkenyl-group-containing isobuty- 
lene group block copolymer according to claim 1 . 

45 

18. The process according to claim 16 or 17 wherein 
alkenyl-group-containing isobut^ene group block 
copolymer is produced by the process according to 
daim 7. 8. 9. 10, 11. 12, or 13. 

so 

19. Tlie process according to daim 16, 17, or 18 
wherein hydrosilylation reaction is earned out using 
a platinum complec as a catalyst at the temperature 
of40»C., 
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